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Abstract. We analyze the response of relativistic electrons to
the 276 moderate and intense geomagnetic storms spanning the
11 years from 1989 through 2000. We find that geomagnetic
storms can either increase or decrease the fluxes of relativistic
electrons in the radiation belts. Surprisingly, only about half of
all storms increased the fluxes of relativistic electrons, one
quarter decreased the fluxes, and one quarter produced little or
no change in the fluxes. We also found that the pre-storm and
post-storm fluxes were highly uncorrelated suggesting that
storms do not simply “pump up” the radiation belts. We found
that these conclusions were independent of the strength of the
storm (minimum Dst) and independent of L-shell. In contrast,
we found that higher solar wind velocities increase the
probability of a large flux increase. However, for all solar wind
velocities both increases and decreases were still observed.
Our analysis suggests that the effect of geomagnetic storms on
radiation belt fluxes are a delicate and complicated balance
between the effects of particle acceleration and loss.

1. Introduction

The dynamics of the radiation belts have received
considerable attention in recent years because of their impact
on life in our technology-based society and because of the
fundamental and unresolved scientific questions about the
acceleration and loss of radiation belt particles. The most
dynamic population in the radiation belts is the population of
relativistic electrons (E > ~1 MeV) in the outer electron belt.
The most dramatic changes in the relativistic electron
populations occur during enhanced periods of geomagnetic
activity. Therefore it is of considerable scientific and practical
interest to better understand the relationship between changes
in the radiation belts and geomagnetic storms.

As early as 1966 Williams related periodic increases in the
trapped relativistic electron populations to increases in the
solar wind kinetic energy density. Paulikas and Blake [1979]
established the well-known relationship between enhanced
solar wind velocity and increases in relativistic electron fluxes.
Later Blake et al. [1997] showed that southward interplanetary
magnetic field along with high speed solar wind was more
effective at producing relativistic electron enhancements than
high solar wind velocity alone. The first predictive numerical
model of relativistic electron flux enhancements was also
based on linear prediction filters using the Kp index which is a
broad measure of geomagnetic activity [Nagai., 1988].

In a predecessor to this study, Reeves [1998] examined
three years (1992 through 1994) of relativistic electron fluxes
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from geosynchronous orbit and compared changes in those
fluxes with geomagnetic storm activity measured by the Dst
index. Reeves found that each distinct electron enhancement
could be clearly associated with a distinct decrease in the Dst
index which clearly established a connection between
geomagnetic storms and relativistic electron enhancements.
Reeves also found that approximately 10% of clearly identified
storms were not accompanied by increases in the
geosynchronous relativistic (1.8-3.5 MeV) electron fluxes.
Additionally, while larger relativistic electron fluxes tended to
occur during larger storms, the correlation was quite weak.
(We also note that, in contrast to this study, Reeves [1998]
included storms with minimum Dst as weak as –20 nT.)

All the studies cited above focused on increases in
relativistic electron fluxes. However, dramatic decreases in
electron fluxes can also be observed during geomagnetic
storms. The most common decrease is a temporary, adiabatic
‘dropout’ of electron fluxes associated with the build-up of the
storm-time ring current. This adiabatic effect is known as the
‘Dst Effect’ [e.g. Kim and Chan, 1997]. A purely adiabatic
response would return the relativistic electron fluxes to their
pre-storm levels once Dst had fully recovered. However,
during some storms the electron fluxes never regain their pre-
storm levels [e.g. Onsager et al., 2002; O’Brien et al.,
2001a].Friedel et al., [2002] provide a more complete review
of acceleration and loss mechanisms and associations with
various types of geomagnetic activity.

In this study we examine a full solar cycle of data (1989-
2000) to quantify the relationship between geomagnetic storms
and relativistic electron flux increases and decreases.

2. Data sets

As a broad measure of geomagnetic activity we use the 1-
hour resolution Dst index for the years 1989 through 2000
[Courtesy of Kyoto University]. (Preliminary Dst data were
used for 1999-2000.) Because complete solar wind data is not
available for this entire time period we do not apply any
corrections for magnetopause currents (pressure correction).
Similarly we use 1-hour solar wind velocity measurements
(when available) from the OMNI database [Courtesy of the
National Space Science Data Center].

Geosynchronous data are from the Los Alamos National
Laboratory (LANL) space environment monitors [e.g. Reeves
et al., 1996]. We use data from the 1.8-3.5 MeV channel of the
ESP detector [Meier et al., 1996]. To minimize the effects of
daily local time variation caused by magnetic field
asymmetries [e.g. Reeves et al., 1998a] we apply a statistical
reconstruction of the fluxes to a common local time which is
chosen to be noon. This is the same technique and the same
data set used by O’Brien et al. [2001b]. One-hour resolution
data from multiple satellites are averaged to obtain a single
consistent time series.

A broader measurement of the radiation belts is provided by
data from the HIST instrument on the POLAR satellite [Blake
et al., 1995]. POLAR is in an elliptical orbit with apogee at
approximately 9 RE and an orbital period of about 18 hours. In
1996 apogee was at nearly 90° north latitude and by 2002
apogee had precessed down to approximately 0°. We use
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electron fluxes from the 1.2-2.4 MeV channel sorted by L-
shell. To minimize the effect of errors in calculating L in the
asymmetric geomagnetic field [e.g. Selesnick and Blake, 2000]
we use only data from the northern hemisphere, inbound
quadrant of the POLAR orbit. POLAR data are only available
from late 1996 onward and we use data through 2000.

Throughout this study we calculate “L” using the Kp=2
version of the static Tsyganenko 1997 magnetic field model.
Therefore “L” here should be considered to be an indication of
spatial location rather than an invariant of particle drift motion.
Current magnetic field models cannot accurately represent the
global magnetic field during storms so it preferable in this
study not to introduce any model-dependent time variations.

3. Increases and decreases in relativistic electron
fluxes during storms

Throughout this analysis we start by identifying
geomagnetic storms and then investigate the relativistic
electron response. In contrast to the earlier study of Reeves
[1998], we use a fixed definition of geomagnetic storms as
distinct intervals during which the minimum value of the Dst
index is less than -50 nT. Gonzalez et al. [1994] define these as
moderate (Dst < -50 nT) or intense (Dst < -100 nT)
geomagnetic storms.

Plate 1 shows the relativistic electron fluxes (1.2-2.4 MeV)
measured by POLAR as a function of L-shell and time for the
year 1997. Also shown are the Dst index and the solar wind
velocity (OMNI data). The -50 nT Dst threshold is indicated
with a red line and we see that there were 21 storms during
1997 which met our criteria (including one beginning on
December 30). Many, but not all, of these storms were
associated with relatively high speed solar wind.

Plate 2 shows three examples of the relativistic electron
response to geomagnetic storms. Plate 2a shows the interval
from January 1 to February 25, 1997 which includes the well-
known January 10, 1997 storm [e.g. Reeves et al., 1998a,
1998b; Li et al., 1998]. This storm is typical of the storms that
most studies have analyzed to date. A brief decrease of the
relativistic electrons is observed in association with the build-
up of the ring current but is quickly followed by a rapid
increase of the electron fluxes over a broad range of L-shells.
(Reeves et al., [1998b] showed that the increase is not
simultaneous at all L-shells but the differences are short
compared to the POLAR satellite revisit interval.)

The storm in May 1999 (Plate 2b) shows a quite different
response. Again there is a rapid decrease in fluxes at the storm
main phase but, in this event, the fluxes never recovered to
their pre-event levels. This cannot be explained by adiabatic
processes and must therefore represent a true loss of particles.
We note that the decrease in fluxes was observed over a broad
range of L-shells down to at least L=4. In February, 1998
(Plate 2c) a geomagnetic storm which qualifies as “intense”
(Dst = -100 nT) by the Gonzalez et al. definition, produced a
relatively small change in the relativistic electron fluxes.

In Plate 2 we have marked each event with a vertical bar
that is color-coded to indicate the classification of the event:
red for “increase”, blue for “decrease”, and green for “no
change”. For completeness we note that there are obvious
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relativistic electron enhancement events which are not part of
our analysis because the minimum Dst was greater than -50 nT
or a key data set was missing. An example of such an event is
seen in the middle of Plate 2a. However, the aim of this study
is to show the electron response to events which are
unambiguously “storms”.

3.1 Geosynchronous statistics

To statistically analyze the relativistic electron response to
geomagnetic storms we need to quantify the amount of
increase or decrease in the fluxes. To do so, we first examine
the fluxes at geosynchronous orbit which is at a fixed L-shell,
L≈6.6. The 24-hour period centered on the time of minimum
Dst is considered the ‘day of the storm’ and is not included in
the analysis. We define the ‘pre-storm flux’ as the maximum
flux of 1.8-3.5 MeV electrons in the 1-3 days prior to storm
(not including the day of the storm). We define the ‘post-storm
flux’ as the maximum flux of 1.8-3.5 MeV electrons in the 1-5
days after the storm. We define the relative change as the ratio
of the of the pre-storm to post-storm fluxes. We define “No
Change” to mean that the relative change was less than a factor
of 2 change in fluxes up or down. By these criteria 10 of the 21
events in 1997 (Plate 1) were classified as geosynchronous
“increases”, 5 were classified as geosynchronous “decreases”,
5 were classified as “no change” and one storm, on May 15,
had missing data and was not included in the analysis.

In Plate 3a we plot the post-storm flux against the pre-storm
flux and color each point: red for “increase”, blue for
“decrease”, and green for “no change”. One clear conclusion
from this plot is that the post-storm fluxes are essentially
uncorrelated with the pre-storm fluxes. Any given pre-storm
flux could result in either high or low fluxes after the storm.
Likewise any given post-storm flux could have been preceded
by either high or low pre-storm levels.

Plate 3b shows the distribution of events as a function of the
change in flux (the ratio of post-storm to pre-storm fluxes).
Over one entire solar cycle from 1989 through 2000 there were
276 storms with Dst < -50 for which we had complete
geosynchronous data (noon reconstructed fluxes). Of those 276
storms, 145 storms (or 53%) resulted in an increase in
geosynchronous fluxes of more than a factor of 2. Another 53
storms (19%) resulted in a flux decrease of more than a factor
of 2. For the remaining 78 storms (28%) changed the fluxes by
less than a factor of 2 in either direction.

Thus, we find that only about half of all storms produce a
significant increase in relativistic electron fluxes (i.e. greater
than a factor of 2). We also find the somewhat surprising result
that approximately 1 in every 5 storms will decrease the fluxes
by more than a factor of 2.

It is also interesting to note the distribution of extreme
changes. Six of the storms produced an increase in fluxes of
more than two orders of magnitude and one produced an
equally dramatic decrease.

It is important to point out that we purposefully chose
different length intervals for the pre-storm and post-storm
maximum flux determinations even though this has an effect
on the statistics presented here. The interval 1-5 days was
chosen for the pos-storm fluxes to make sure there was
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sufficient time to reach the maximum flux level. Shorter
intervals missed the peak electron fluxes for some storms. A
shorter interval of 1-3 days (half as long) was chosen for the
pre-storm determination because it is the fluxes immediately
prior to the storm that are of primary interest. The longer
interval for post-storm fluxes (96 hours) compared to pre-
storm fluxes (48 hours) skews the distribution such that it is
statistically more likely that the post-storm fluxes will be
higher even if the variations are random. However we feel that
the criteria used here best represent the changes in electron
fluxes produced during storms.

3.2 Are larger storms more likely to produce increases?

It is commonly assumed that larger storms (more negative
minimum Dst) are more likely to produce large enhancements
of the radiation belt fluxes. To test this assumption we binned
the 276 storms in our study according to their minimum Dst.
The bins were –50 to –75 nT, -75 to –100 nT, -100 to –150 nT,
and –150 to –400 nT. Two bins represent “moderate storms”
and two represent “intense storms”. (Note that the bins are not
of equal width but were chosen to have a significant number of
events in each bin.)

In Plate 4a we plot the cumulative probability distribution
as a function of the flux ratio (post/pre) for each range of Dst.
The cumulative probability is the probability that the flux ratio
will be less than a given value (e.g. it integrates the probability
up to that value). The maximum difference in the cumulative
probability curves, ∆, is marked in each plot and is a measure
of how different the probabilities are and S is a measure of
how likely it is that the difference is random.

We see from Plate 4a that the probability distributions for
all four curves are essentially identical. Therefore the
probability that the fluxes will increase (or decrease) by a
given amount is essentially independent of the minimum value
of Dst. Larger storms are not more likely to increase the
relativistic electron fluxes than smaller storms.

Although we do not show it here we note that an analysis of
the same storms shows that larger storms are also not more
likely to produce a high absolute flux level. Those results will
be presented elsewhere.

3.3 Does the chance of an increase depend on L-shell?

In this paper we present a statistical analysis of the
relativistic electron fluxes measured at geosynchronous orbit.
It is relevant, therefore, to ask if the geosynchronous fluxes are
representative of the radiation belt response as a whole. We
have performed a similar analysis to the one presented here on
electron fluxes measured at different L-shells and we find that
the results are essentially independent where the electron
fluxes are measured.

In this brief report we show only the cumulative probability
as a function of flux ratio for fluxes measured by the POLAR
satellite at L=4, 5, 6, and 7 (Plate 4b). Each bin is L= ±0.2
wide. The probability curves for L=4, 5, and 6 are nearly
identical and only the L=7 curve is significantly different and
only for a certain range of flux ratios.

As we see from Plate 1 the fluxes measured by POLAR
near L=7 are very low and POLAR is quite far off the equator
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when it crosses those L-shells. Therefore it is unclear at this
stage whether the difference in the L=7 curve is meaningful.

For all L-shells (4, 5, 6, and 6.6) we find that about 50% of
all storms increase the fluxes by more than a factor of 2,
approximately 20-30% of the storms decrease the fluxes by
more than a factor of 2, and the remaining 20-30% produce no
significant change at that given L-shell.

We can see in Plates 1 and 2 that a given storm may
increase fluxes at one L-shell while decreasing fluxes at a
different L-shell. However, when we look at a fixed L-shell we
find that the statistical probability of increase or decrease in
the outer electron belt is independent of where the
measurement is made.

3.4 Do high solar wind velocity storms produce more
increases?

The relationship between high-speed solar wind streams and
increases in the relativistic electron fluxes in the outer belts is
probably the most widely known result concerning the
radiation belts. In Plate 4c we examine that relationship for
these storms by now separating the events according to the
maximum solar wind velocity observed during the event
(which could occur either before or after the storm main
phase).

Four bins of solar wind velocity are plotted: 0 to 500 km/s,
500-600 km/s, 600-700 km/s, and 700 to 1100 km/s. In this
analysis we see that there is a higher probability of increasing
fluxes for higher solar wind velocities than for lower
velocities. The maximum difference in the curves, ∆, is 31%
which is very unlikely to be random (S=1%). We also see that
the higher-velocity curves appear shifted to the right relative to
the lower-velocity curves. This means that throughout the
distributions the higher-velocity events produce larger
increases in flux.

Nevertheless we also point out that both high-speed and
low-speed solar wind drivers can and do produce both
increases and decreases in flux. Looking at the portion of the
curves in Plate 4c which lie below 100 we see approximately
25-35% of all events produce no change or a decrease in fluxes
regardless of solar wind velocity. We also note that the one
storm that decreased the fluxes by a factor of 135 fell in our
second-highest velocity bin with Vsw=654 km/s.

We note that these results may be biased by our assumption
of a static magnetic field configuration. The effects of solar
wind velocity on the magnetic field are systematic not random.
However, the conclusions still appear to be sound.

Since solar wind velocity does appear to affect that chance
of producing a radiation belt flux increase, we also
investigated whether storms at solar minimum were more
likely to produce flux increases than storms at solar maximum.
We used the years 1992-1994 for solar minimum and 1990,
1999, and 2000 for solar maximum. While these intervals do
not precisely correspond to the sunspot cycle they do compare
three years when recurrent high-speed streams from equatorial
coronal holes were observed with three years when they were
typically were not.

Plate 4d shows that, indeed, storms in our “solar minimum”
years were more likely to produce larger increases in flux than
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storms in our “solar maximum” years but, that difference is not
as large or as significant as when solar wind velocity is
explicitly used as a discriminator. This is to be expected since
both high- and low-speed solar wind drivers can be observed at
either phase of the solar cycle. We also again find that for
storms at both phases of the solar cycle both increases and
decreases of the radiation belt fluxes are observed.

4. Conclusions

We have examined the response of relativistic electrons
(≈1-3 MeV) in the outer radiation belts to 276 geomagnetic
storms spanning the 11 years from 1989 to 2000. By definition
we chose storms that were “moderate” (Dst < -50 nT) or
“intense” (Dst < -100 nT). We compared the fluxes observed
before the storm to the fluxes observed after the storm and
sorted the data according to Dst, L-shell, solar wind velocity,
and solar cycle.

The most significant conclusion from this study is that a
given geomagnetic storm can either increase or decrease the
fluxes of relativistic electrons in the radiation belts.

We determined the probability that a given storm will
increase or decrease the fluxes of relativistic electrons. At
geosynchronous orbit (L≈6.6) we found that about half (53%)
of the geomagnetic storms (145 events) increased the fluxes by
more than a factor of two. About one in five geomagnetic
storms (19%, 53 events) decreased the fluxes by more than a
factor of two. The remaining storms (28%, 78 events)
produced changes that were less than a factor of two either up
or down.

While it has been known that some storms produce a
decrease in geosynchronous electron fluxes the number of such
storms is a new and somewhat surprising result with important
implications for the study and understanding of radiation belt
dynamics. We also note that these probabilities, if anything,
underestimate the number of storms that decrease the electron
fluxes. By design, our post-storm interval is twice as long as
our pre-storm interval which increases the probability that a
flux increase would be observed in a random sample of times.

We investigated the hypothesis that larger storms (lower
minimum Dst) would be more likely to increase relativistic
electron fluxes than more moderate storms. We found that,
although it is widely assumed to be true, this was not the case.
Over the range of minimum Dst values from –50 to –400 nT
the probability that a storm will increase or decrease the fluxes
was independent of Dst over the full range of flux ratios.

In contrast when we sort the storms according to the
maximum solar wind velocity observed during the event (0-
1100 km/s) we find that it is more likely that high-speed solar
wind drivers will produce larger increases in the electron
fluxes. However, even high-speed events can produce dramatic
decreases in relativistic electron populations.

The longest continuous measurements are available from
geosynchronous orbit (L≈6.6) and this paper concentrates on
that L-shell. However, while the numerical values of the
statistics may vary, the general conclusions presented here are
valid regardless of the L-shell at which the electron fluxes are
measured. Plate 2a shows examples of storms that increase
fluxes over the whole outer electron belt while Plate 2b shows
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an example of a storm that decreased fluxes over the whole
outer belt (L≈4–7). Statistically we find that, whether the
fluxes are measured at L=4, 5, 6, or 6.6, about half of the
storms produce an increase, one quarter produce a decrease,
and one quarter produce little change at all (less than a factor
of two).

5. Implications for understanding electron
acceleration and loss

The results presented here have important implications for
forecasting the Earth’s radiation environment and its response
to moderate or intense geomagnetic storms but they also have
implications for our basic understanding of relativistic electron
acceleration and loss.

When we compare the pre-storm and post-storm fluxes for
these 276 storms we find that there is essentially no correlation
between them (Plate 3a). This implies that the fluxes in the
radiation belts are not simply “pumped up” during storm times.
For essentially any pre-storm flux level the post-storm fluxes
could vary over more than two orders of magnitude. Likewise
equally intense post-storm fluxes can be produced by pre-
existing populations that also range over more than two orders
of magnitude.

Of course, acceleration in the radiation belts is a process
that energizes lower-energy electrons to relativistic energies,
often transporting them across L-shells at the same time.
Therefore, comparing pre- and post-storm flux levels at fixed
energy and L-shell is not a rigorous technique for quantifying
the amount of acceleration in a given event.

In contrast the absolute flux level of relativistic electrons
that results from an acceleration event will be a function of the
fluxes of the lower-energy source population and, in most
acceleration mechanisms, the amount of radial transport as
well. Both the intensity of the source population and its
location of origin are likely to vary greatly from event to event.

This study re-emphasizes the fact that neither the relative
change in fluxes (the flux ratio) nor the absolute post-storm
flux level precisely quantifies the amount of acceleration in a
given event.

These results also highlight the importance of relativistic
electron losses during geomagnetic storms. The losses we
discuss here are not temporary, adiabatic responses to the
growth and decay of the ring current but, rather, real loss of
electrons to the magnetopause or, more likely, to the
ionosphere. (Ionospheric loss, i.e. precipitation, is more likely
because the losses are observed down to very low L-shell even
when the magnetopause remains well outside geosynchronous
orbit.)

While about half of moderate or intense storms produce a
long term increase in fluxes, the other half either produce little
net change or a net loss of fluxes. Consider first the storms
which result in little or no change in flux levels. This class of
events is observed at all L-shells, all Dst levels, and for all
solar wind drivers. It is reasonable to assume that the same
acceleration processes that occur during other geomagnetic
storms occur during these storms. In which case one must
conclude that for some storms the losses of relativistic
electrons at a given energy are comparable to the acceleration
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of “new” electrons to that energy. Likewise, for the one in five
storms for which the fluxes at L≈6.6 decrease, it is possible
that the loss processes dominate over the acceleration
processes.

What emerges from these observations is the suggestion
that electron loss and acceleration processes are both enhanced
during geomagnetic storms and the fluxes that are observed
following the storm are a delicate balance between the amount
of acceleration and the amount of loss. Furthermore, it appears
that the magnitude of acceleration and loss are comparable,
may act simultaneously, and each may have effects that vary
by orders of magnitude. Like subtraction of very large
numbers, one or another may dominate in a given storm.

It is likely that full and quantitative understanding of the
radiation belt response to geomagnetic storms will require full
and quantitative understanding of both acceleration and losses
of relativistic electrons.
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Figure Captions

Plate 1. Outer radiation belt electron response to geomagnetic
storms and high speed solar wind. The top panel shows 1.2-2.4
MeV electron fluxes (from the POLAR HIST instrument) as a
function of L-shell and time. The second panel shows the
hourly Dst index with our –50 nT threshold marked in red. The
bottom panel shows the solar wind velocity (omni data) with
500 and 600 km/s levels marked.

Plate 2. Details of three types of responses: increase, decrease
and “no change”. (A) The strong increase of relativistic
electron fluxes in response to the January 1997 geomagnetic
storm. Two other flux increases are seen in this interval
including one for which Dst did not meet our –50 nT
threshold. (B) A geomagnetic storm in May 1999 which
produced a dramatic and permanent loss of electrons
throughout the outer belt. (C) A –100 nT storm in February
1998 with peak fluxes after the storm very similar to peak
fluxes after the storm.

Plate 3. Statistics of geosynchronous flux changes for 1989
through 2000. (A) Post-storm peak fluxes and pre-storm peak
fluxes are highly uncorrelated showing that the radiation belts
are not simply “pumped up” during geomagnetic storms. (B)
The distribution of the ratio of post-storm to pre-storm fluxes.
About one half of all storms increase the relativistic electron
fluxes, one quarter decrease fluxes, and one quarter result in
“no change” (changes that are less than a factor of two increase
or decrease).

Plate 4. Cumulative probability distributions for the post- to
pre-storm flux ratios binned by (A) the strength of the storm
measured by minimum Dst, (B) different L-shells as measured
by POLAR, (C) the velocity of the solar wind, and (D) phase
of the solar cycle. All show both increases and decreases in
flux for all values of each parameter. The maximum variation
is seen when the data are sorted by solar wind velocity and a
somewhat weaker variation is seen with solar cycle.

Plate 1. Outer radiation belt electron response to geomagnetic storms and high speed solar wind. The top panel shows 1.2-2.4
MeV electron fluxes (from the POLAR HIST instrument) as a function of L-shell and time. The second panel shows the hourly
Dst index with our –50 nT threshold marked in red. The bottom panel shows the solar wind velocity (omni data) with 500 and
600 km/s levels marked.

Plate 2. Details of three types of responses: increase, decrease and “no change”. (A) The strong increase of relativistic electron
fluxes in response to the January 1997 geomagnetic storm. Two other flux increases are seen in this interval including one for
which Dst did not meet our –50 nT threshold. (B) A geomagnetic storm in May 1999 which produced a dramatic and permanent
loss of electrons throughout the outer belt. (C) A –100 nT storm in February 1998 with peak fluxes after the storm very similar to
peak fluxes after the storm.

Plate 3. Statistics of geosynchronous flux changes for 1989 through 2000. (A) Post-storm peak fluxes and pre-storm peak fluxes
are highly uncorrelated showing that the radiation belts are not simply “pumped up” during geomagnetic storms. (B) The
distribution of the ratio of post-storm to pre-storm fluxes. About one half of all storms increase the relativistic electron fluxes,
one quarter decrease fluxes, and one quarter result in “no change” (changes that are less than a factor of two increase or
decrease).

Plate 4. Cumulative probability distributions for the post- to pre-storm flux ratios binned by (A) the strength of the storm
measured by minimum Dst, (B) different L-shells as measured by POLAR, (C) the velocity of the solar wind, and (D) phase of
the solar cycle. All show both increases and decreases in flux for all values of each parameter. The maximum variation is seen
when the data are sorted by solar wind velocity and a somewhat weaker variation is seen with solar cycle.
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